Abstract. Micro (mi)RNAs are an endogenous non-coding small RNA comprised of 19-26 nucleotides. miRNAs regulate gene expression through the recognition of its 'seed sequence' and interactions with 3'-untranslated region of target miRNAs. Previous studies identified that miRNAs are associated with the onset and development of breast cancer and that a number of mutations in the coding DNA sequence of miRNAs affect its expression. Therefore, the present study aimed to screen differentially expressed miRNAs using miRNA expression profile chips to analyze the expression of miRNA (miR)-205 in 12 breast cell lines of different metastatic performance and benign proliferative variation as well as breast cancer via in-situ hybridization, and screen out single-nucleotide polymorphisms (SNPs) in the miR-205 coding gene region. In addition, the association between SNP and the clinicopathological features of breast lesions was investigated. The results of the present study demonstrated that the expression of miR-205 was decreased in breast cancer cells and tissues compared with benign lesions. SNPs in the miR-205 coding gene region were identified in tumor cell lines and as increasing lengths of the AGC repetitive sequence were lost, miR-205 expression increased. An association was identified between a number of SNPs in the miR-205 coding gene region and breast cancer, as well as between SNPs in miR-205 coding gene region and the clinicopathological features of breast cancer.
Introduction
Single nucleotide polymorphisms (SNPs) are important in determining the pathogenesis of various diseases, identifying effective therapeutic targets and screening individualized chemotherapy programs. A number of in-depth studies have explored SNP variations in coding genes and the influence of this on the incidence and development of human cancer (1, 2) . However, research investigating SNPs in non-coding micro (mi)RNA genes and their effects on breast cancer progression remain in the early stages (3) .
MiRNAs are involved in a number of important biological processes, from embryonic development to the evolution of various diseases. These processes are often accompanied by the abnormal expression of various miRNAs and their target genes, with previous studies having demonstrated that miRNA expression is dysregulated in cancer, and experimental data having indicated that cancer phenotypes may be modified by targeting miRNA expression (4) . It has been demonstrated that SNPs arising in miRNA coding gene sequences affect the synthesis of miRNA, whereas SNPs in miRNA target gene sequences affect the interaction between miRNA and its target genes, thus affecting the regulatory function of miRNAs (5) . The polymorphism of miRNA (miR)-323b (4) is associated with hepatitis B virus replication, whereas the variation of rs4846049 in the 3'-untranslated region (UTR) of 5,10-methylenetetrahydrofolate reductase affects the binding of miRNA to increase the risk of coronary heart disease (6) . Similar studies have been conducted in other types of cancer, including gastric and lung cancer (7, 8) .
SNP variation in miRNA coding genes is associated with the onset and progression of breast cancer. It has been demonstrated that variation at the miR-27a rs895819 site may affect miR-27a expression: Compared with carriers of A-alleles, G-allele carriers have a significantly reduced risk of developing breast cancer (P=0.032) (9) . Binding sites from miR-515-5p exist in the 3'-UTR of the insulin-like growth factor 1 receptor gene; variation in the rs28674628 site in this region affects the binding of miR-515-5p to the gene, thus increase the risk of breast cancer (10) . SNP variations of miRNAs, including miR-192-a2 and miR-423 are also associated with breast cancer risk (11, 12) .
The present study aimed to provide a theoretical basis for the exploration of SNPs in miRNA coding genes to be applied in clinical practice as molecular markers. This would entail the SNP screening of miRNA coding genes associated with breast cancer metastasis. The association between SNP sites in miRNA coding genes and the incidence and development of breast cancer in clinical specimens was also investigated in the current study. The highly malignant human breast cancer cell lines  BT549, HS578T, MDA-MB-231 and SUM159PT, and the  less malignant human breast cancer cell lines BT474, MCF7,  MDA-MB-468, SK-BR-3, T47D and ZR- formalin for 10 min, denatured for 5 min at 72˚C and sequentially incubated in 75, 90 and 100% ethanol. The tissues were then treated with proteinase K for 6 min at 37˚C, followed by their dehydration and hybridization. The hybridization mixture contained the labeled oligonucleotide probe, 50% formamide, 10 mmol/l Tris-HCl, 1 mmol/l vanadyl-ribonucleoside complex (94740; Sigma Aldrich; Merck KGaA), 1 mmol/l CTAB (855820; pH 7.0; Sigma Aldrich; Merck KGaA), 0.15 mol/l NaCl, 1 mmol/l EDTA (pH 7.0), 1X Denhardt's mixture and 10% dextran sulfate. Subsequent to hybridization, the slides were washed 3 times, for 30 min each time, in 0.1 mol/l Tris-buffered saline (TBS) at room temperature. The slides were then treated with TBS [100 mmol/l Tris (pH 7.5) and 150 mmol/l NaCl] containing a 1% blocking reagent (Roche Diagnostics, Shanghai, China) and 0.03% Triton X-100 for 30 min at room temperature, and incubated for 30 min with anti-dioxigenin alkaline phosphatase-conjugated antibodies (Roche Diagnostics) diluted at 1:4,000 in TBS containing 0.03% Triton X-100 and a 1% blocking reagent. Subsequent to being washed three times, for 15 min in TBS and 0.05% Tween 20, the slides were rinsed in a diammonimum phosphate (DAP)-buffer [100 mmol/l Tris (pH 9.5) 100 mmol/l NaCl, 50 mmol/l MgCl2] and hybridization signals were subsequently visualized using nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate as substrates [DAP-buffer (100 mmol/l Tris, pH 9.5, 100 mmol/l NaCl and 50 mmol/l MgCl2) in 10% PVA (341584; Sigma Aldrich)].
Materials and methods

Cells.
Extraction of DNA from paraffin-embedded tissues. DNA was extracted from paraffin-embedded breast cancer and breast benign lesions (fibroadenoma, breast hyperplasia) tissues. Areas of the tissue and cytology slides containing the tumor cells of interest were marked by a cytopathologist using a pen. A diamond-tipped pencil was then used to mark the underside of the slide. Following removal of the cover slip, tumor cells were scraped with a 26-gauge needle. Briefly, 50-100 µl of DNA extraction buffer solution (50 mM Tris buffer, pH 8.3; 1 mM EDTA, pH 8.0; 5% Tween-20 and 200 µg/ml proteinase K) with 10% resin was added to the scraped cells. Following incubation at 56˚C for ~1 h, the tube was heated to 100˚C for 20 min followed by centrifugation at 900 x g for 10 min at 4˚C to pellet the debris. The recovered supernatant was used for the PCR.
DNA sequencing. Amplified specimens processed by PCR were sent to Sangon Biotech Co., Ltd., (Shanghai, China) for sequencing and the genotypes of specimens were analyzed using the obtained sequence diagram. The obtained sequence was analyzed using the 2014 UCSC Genome Browser (http://genome.ucsc.edu) (14) .
Statistical analysis. Data was analyzed using SPSS 20.0 (IMB Corp., Armonk, NY, USA). Student's t-test was performed for between-group comparisons, χ 2 for comparisons between count data rate and correlations were determined using Pearson's correlation analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
Analysis of miRNA expression profile chip in breast cancer cells with more or less metastasis.
A total of 4 highly metastatic breast cancer cell lines and 6 less metastatic breast cancer cell lines, as well as 2 immortalized cell lines were selected to determine miRNA expression profiles. Following data processing and statistical analysis of chip results, it was identified that there were 9 differentially expressed miRNAs among the 12 cell lines (P<0.01, numerical value ≥20 or ≤-20). Compared with the less metastatic group, levels of miR-100, miR-138 and miR-146a were increased in the highly metastatic cell lines, whereas levels of miR-375, miR-34a, miR-141, miR-203, miR-205 and miR-200c were decreased in the highly metastatic group (Fig. 1A) . Following the in-situ hybridization of breast normal tissues, no blue granules were exhibited; the results of the U6 probe hybridization revealed positive signal of blue purple granules located in karyon of breast ductal epithelium or mesenchymal cells (Fig. 2B) . The results of the miR-205 probe hybridization revealed a positive signal with blue purple granules located in the breast ductal epithelium or cancer cell cytoplasm and karyon (Fig. 2B) . In the 36 cases of normal and benign breast lesions, 33 cases (91.67%), indicating positive expression (+) of miR-205; in the 36 cases of breast cancer, 23 cases (63.89%). MiR-205 expression in benign breast lesions was deemed to be significantly higher than in breast cancer tissue (Table I; P=0.011). The expression of miR-205 was not associated with tumor-node-metastasis stage or clinical stage of breast cancer.
Analysis of PCR amplification and sequencing of miR-205.
A total of 10 cell lines were cultured for this experiment, including 4 breast cancer cell lines (BT-549, MDA-MB-231, MCF7 and T47D), 2 lung cancer cell lines (95-D and A549), 2 stomach cancer cell lines (AGS and MGC-803) and a liver cancer cell line (SMMC-7721). Cells were collected and RNA and DNA were extracted separately. The SinoBio PCR system was used to amplify miR-205 genes and the electrophoresis results of amplified products are presented in Fig. 3A. Fig. 3B demonstrates the site map of SNPs of the miR-205 gene as determined using the UCSC Genome Browser. Amplified products were sent to Sangon Biotech for sequencing. Sequencing results revealed that miR-205-rs3842642 was present in a number of these 10 cell lines and was broadly divided into four types (Fig. 3C-E) ; 9/9 homozygous genotype, 13/13 homozygous genotype, 9/13 heterozygous genotype and 7/9 special genotype. Among them, AGS, BT-549 and MCF7 belong to the 9/9 homozygous genotype, 95-D, A549, MGC-803, HEPG2 and SMMC-7721 belong to the 9/13 heterozygous genotype, MDA-MB-231 is a 13/13 homozygous genotype and T47D is a special genotype.
Expression of miR-205 in specimens of different rs3842642
polymorphisms. DNA was extracted from paraffin-embedded breast cancer specimens using xylene solvent. These fragments were then amplified using PCR and sent to Sangon Biotech for sequencing. By analyzing the genotype of various specimens according to the returned sequencing results, it was identified that there were 106 cases of deletion of homozygosis, 69 cases of deletion of heterozygosity, 14 cases of wild genotype and 4 cases of special genotype, in which 3 cases of homozygosis (9/9), homozygosis (13/13) and heterozygote (9/13) were respectively selected for in-situ hybridization investigation of miR-205 expression, the results demonstrated that all were negative (Fig. 4) .
Analysis of rs3842642 polymorphism in breast cancer
and benign breast lesions. DNA was extracted from the paraffin-embedded tissue specimens of breast benign lesions and sent for sequencing. The results of sequencing revealed 119 cases of deletion of homozygosis, 63 cases of heterozygous genotype, 13 cases of wild genotype and 2 cases of special genotype. An association analysis was conducted between obtained results for benign lesions and the results from the breast cancer tissue (Table II) . Differences in SNP genotyping between breast cancer and benign lesion tissues were not significant as determined by the χ 2 analysis; however, compared with breast cancer tissue, benign lesion tissues exhibited an increased ratio of 9/9 homozygous genotype. The case number of SNP genotyping corresponding to statistical pathological indicators [estrogen receptor (ER), progesterone receptor (PR), erb-B2 receptor tyrosine kinase 2 (ERBB2)] and association analysis between SNP genotyping and specific pathological indicators were conducted (Table II) .
Discussion
Breast cancer is one of the most common tumors diagnosed in women and an important cause of mortality in breast cancer is the metastasis of cancer cells (15) . The epithelial-mesenchymal transition (EMT), as a primary stage of transfer, has been a key area of research into tumor metastasis, and is a process associated with a decrease in E-cadherin expression (16) . The expression of E-cadherin is regulated by multiple genes, including nuclear factor-κB and the matrix metalloproteinase family (17) . These genes and their associated cell signaling pathways are influenced by miRNAs, which serve important functions in promoting breast cancer progression by stimulating the EMT process (18, 19) . MiR-205 is a conserved RNA molecule widely distributed in squamous epithelial tissues of higher living organisms, as its regulation and control of numerous target genes is associated with the onset and development of tumors. Studies investigating miR-205 are primarily focused in the field of tumor biology and have revealed that miR-205 expression may affect the incidence and development of a number of tumors; however, miR-205 serves ; miR-205-rs3842642 commonly existed in these 10 cell lines and was broadly divided into four types: 9/9 homozygous genotype, 13/13 homozygous genotype, 9/13 heterozygous genotype and 7/9 special genotype. Among them, AGS, BT-549 and MCF7 belong to the 9/9 homozygous genotype, 95-D, A549, MGC-803, HEPG2 and SMMC-7721 belong to the 9/13 heterozygous genotype, MDA-MB-231 is the 13/13 homozygous genotype and T47D is the special genotype. (C) rs3842530 9/9 homozygous genotype, CGT(AGC) 9 AAG/CGT(AGC) 9 AAG. (D) rs3842530 9/13 heterozygous genotype, CGT(AGC) 9 AAG/CGT(AGC) 13 AAG. (E) rs3842530 13/13 homozygous genotype, CGT(AGC) 13 AAG/CGT(AGC) 13 AAG. SNP, single nucleotide polymorphism; miR, microRNA. (24) . Numerous different genes regulate the onset and development of breast cancer. MiRNA and various other genes constitute this vast regulatory network and SNPs are present in the various genes involved. SNP variation in these genes may lead to a variation in gene expression, thus affecting breast cancer risk (25) . Previous studies have demonstrated that, Breast Cancer Association Consortium rs1045485 and rs1982073 SNPs are associated with an increased risk of breast cancer (26). Wang et al conducted an investigation into 491 Chinese patients with breast cancer and 502 healthy individuals (27) , and analyzed the distributional difference of genotypes between them. It was identified that rs10889677 and rs1884444 in the interleukin 23 receptor 3'-UTR region were associated with an increased risk of breast cancer among Chinese women, which also affected the early development of tumors. It was also identified that the cytoskeleton gene IQ motif containing GTPase activating protein 1 (IQGAP) was regulated by miR-124. The results of a study in 1,541 patients with breast cancer and 1,598 healthy controls indicated that the variation in rs1042538 sites in the IQGAP 3'-UTR region affected the binding and regulation of miR-124 to this gene; thus, this may be developed as a potential molecular marker to evaluate the risk and prognosis of patients with breast cancer (28) . The results of the aforementioned studies indicate that SNP variation in genes associated with breast cancer is associated with occurrence and development of breast cancer. The important regulatory effect of miRNA in breast cancer has enabled research on miRNA SNP to attract increased attention, with more studies being performed investigating the expression of miR-205 in breast cancer; however, to the best of our knowledge, there have been no studies investigating the association between SNP variation of miR-205 and breast cancer. Following verification that miR-205 is differentially expressed in breast cancer, the present study explored whether SNP variation is associated with the differential expression of miR-205.
In order to improve detection of SNP distribution in miR-205, two lines of lung cancer, gastric cancer and liver cancer cells were investigated along with the breast cancer cell lines. SNP distribution in each cell was detected using DNA sequencing and through this analysis, the presence of rs3842642 was identified and four genotypes within the 10 cell lines that were investigated were also identified: A 9/9 homozygous genotype, a 9/13 heterozygous genotype, a 13/13 homozygously inserted genotype and a special genotype, the high frequency of such sites in cancer cells suggest that they may be associated with tumorigenesis. By detecting the expression of miR-205 in the aforementioned cell lines using RT-qPCR and comparing SNP genotypes in each cell line, it was identified that the expression of miR-205 increased in breast cancer cell lines with an increase of the number of AGC deletions at this site. This association was observed in 4 breast cancer cell lines and it was unclear whether variation at this site significantly affected the expression of miR-205; an increased number of samples are required verify this phenomenon. Therefore, 193 cases of breast cancer specimens were used for sequencing analysis in order to determine the genotype of each specimen. The analysis revealed that rs384242 widely existed in these specimens including these four genotypes of the site. The expression of miR-205 in in-situ hybridization was analyzed by separately selecting 3 cases of homozygous deletion, heterozygous deletion and homozygous insertion in breast cancer specimens However the specimen sample size selected was relatively small, thus no significant association was identified in these specimens. A larger sample size may assist in verifying the aforementioned association. Under normal conditions, miR-205 serves a tumor suppressive function in breast cancer and the expression of miR-205 in breast cancer is inhibited (29) . If there is a distributional difference of these three genotypes of rs3842642 in breast cancer specimens and breast benign lesions, the variation in this site may be associated with miR-205 expression and t breast cancer progression. Statistical analysis indicated a P-value >0.05 when comparing genotypes between breast cancer and benign specimens, suggesting that there was no significant difference. However, the proportion of 9/9 homozygous deletion in benign breast lesion tissue was slightly increased compared with breast cancer tissue specimens. The differential distribution of distinct genotypes of rs3842642 in breast cancer and benign breast lesions may be identified in a larger sample size.
ER, PR and ERBB2 are the primary indicators of breast cancer used in pathological examinations (30) . Notably, the results of the present study demonstrated that there was a significant association between rs3842642 polymorphism and ER expression in breast cancer tissues (P=0.014); however, there was no association between PR or ERBB2 and breast cancer. The proportion of 9/9 homozygous deletion in the high expression group was increased compared with that of the low expression group. The rs3842642 site of miR-205 should be investigated further in a larger sample of patients; with more in-depth study, this site may become a new molecular marker for the diagnosis of breast cancer.
The expression of miR-205 was detected at the cellular level using RT-qPCR, however, this method was not suitable to detect the expression of miR-205 in paraffin-embedded tissues. In-situ hybridization was adopted to quantify the expression of miR-205 in breast cancer tissues. In the present study, more and less metastatic breast cancer cells were selected for cells grown on coverslips. Cells were collected and fixed and the expression of miR-205 was detected using in-situ hybridization. Subsequently, the expression of miR-205 in various cancer cells was determined by RT-qPCR. The results of RT-qPCR were consistent with those of in-situ hybridization, further confirming the feasibility and creditability of in-situ hybridization to determine the expression of miR-205.
In conclusion, the present study identified the differential expression of miR-205 in breast cancer cells at the cellular level. Decreased expression of miR-205 was associated with metastatic breast cancer and rs3842642 was identified in various tumor cells. The increase in the missing number of AGC repeats at these sites in breast cancer cells was accompanied by an increased expression of miR-205, however this has not been verified in breast cancer specimens. A significant association was identified between genotypes of rs3842642 and ER+ groups in breast cancer tissue specimens, although no significant association was identified between PR and ERBB2 positive groups and breast cancer/breast benign lesions groups.
The present study identified an association between SNP variation of miR-205 and breast cancer, however the association between miR-205 rs3842642 and SNP variation at other sites in breast cancer should be investigated further.
